Health-related quality of life · Severe childhood obesity · Lifestyle treatment Abstract Objective: To examine changes in generic and weight-related, health-related quality of life (HRQoL) in children and adolescents with severe obesity participating in intensive lifestyle treatment, and to examine whether changes in SDS-BMI were associated with changes in HRQoL. Methods: In this prospective observational study, a referred sample of 120 children and adolescents (8-19 years) with severe obesity (SDS-BMI ≥ 3.0, or ≥ 2.3 in combination with obesity-related comorbidity) received an intensive 1-year lifestyle treatment with an inpatient period in a specialized childhood obesity center. A weight-related (IWQOL-Kids) and three generic (KIDSCREEN-52, PedsQL 4.0, and EuroQol) HRQoL questionnaires were administered at baseline (T0), after treatment (T1), and 1 year later (T2). Generalized Linear Mixed Models and partial correlations were used to analyze changes in HRQoL and associations with changes in SDS-BMI. Results: Statistically significant improvements in generic and weight-related HRQoL overall and domain scores were observed at T1and at T2 in comparison with T0, despite partial weight regain from T1 to T2. Larger weight loss at T2 was correlated with larger improvements in physical HRQoL domains. Conclusion: Children and adolescents with severe obesity experienced long-term improvements in generic and weight-related HRQoL after participating in intensive lifestyle treatment, despite partial weight regain.
(T0), directly after treatment (at 12 months after baseline, T1), and at follow-up (24 months after baseline, 12 months after treatment, T2).
Details on study design, study population, and lifestyle treatment can be found elsewhere [20, 21] . Written informed consent was obtained from both the participants and their parents. The informed consent procedure, the study design, and the study protocol were approved by the Medical Ethics Committee of VU University Medical Center Amsterdam.
Measurements
HRQoL Questionnaires Dutch versions of child self-report questionnaires with adequate psychometric properties were used to assess HRQoL [22] [23] [24] [25] [26] [27] [28] . To assess generic HRQoL, the KIDSCREEN-52 [22, 23] , Pediatric Quality of Life Inventory (PedsQL 4.0) [25] , and EuroQol (EQ-5D-3L and EQ-VAS) [25] were used. Each instrument measures generic HRQoL in a different manner, and detects different relevant generic HRQoL domains. Since it is currently unknown which of these measures is most suitable for the measurement of changes in generic HRQoL in children and adolescents with severe obesity participating in intensive lifestyle treatment, we used multiple questionnaires to assess generic HRQoL to be able to provide a recommendation on the suitability of those questionnaires.
The KIDSCREEN-52 [21, 22] (8-18 years) contains 52 items divided among 10 domains: 1) physical well-being (e.g., Thinking about the last week, have you felt fit and well?); 2) psychological well-being; 3) moods and emotions; 4) self-perception; 5) autonomy; 6) relations with parents and home life; 7) social support and peers; 8) school environment; 9) social acceptance (bullying); and 10) financial resources. Each item is rated using a 5-point Likert-type scale assessing either the frequency (never, seldom, quite often, very often, always) or the intensity (not at all, slightly, moderately, very, extremely) of certain behaviors, feelings, or attitudes, based on a recall period of 1 week. Summary scores were calculated and Rasch Person Parameters (PP) were assigned to each possible summary score [22] . The PPs were transformed into T-values with a mean of 50 and a standard deviation (SD) of approximately 10. Higher scores indicate better HRQoL. Since the KIDSCREEN-52 does not provide a one-dimensional overall measure of generic HRQoL, KIDSCREEN-10 index scores were additionally derived from the KIDSCREEN-52 [23] . Similar to scoring of the KIDSCREEN-52, KIDSCREEN-10 scores were also transformed into T-values. Please see Ravens-Sieberer et al. [23] for more information on how the KIDSCREEN-10 score is obtained from the KISCREEN-52.
The PedsQL 4.0 [24] contains 23 items and consists of four domains: 1) physical functioning (e.g., It is hard for me to run); 2) emotional functioning (e.g., I feel sad); 3) social functioning (e.g., I have trouble getting along with peers); 4) school functioning (e.g., I miss school because I do not feel well). The PedsQL 4.0 assesses how much of a problem each item has been during the past month with a 5-point Likert-type scale varying from 0 (never a problem) to 4 (almost always a problem). Scores are transformed on a scale from 0 to 100. Three summary scores can be calculated, with higher scores indicating a better HRQoL: a Total Scale Score (23 items), a Physical Health Summary Score (i.e., 8 items from the physical functioning domain), and a Psychosocial Health Summary Score (15 items: items from the emotional, social, and school functioning domains).
The EuroQol consists of the EQ-5D-3L descriptive system (EQ-5D-3L) and the EQ visual analogue scale (EQ-VAS). The EQ-5D-3L measures generic HRQoL on the day of completion in five dimensions (mobility, self-care, usual activities, pain/discomfort, and anxiety/depression) with three levels of severity (no problems / some or moderate problems / extreme problems) [26] . The resulting health status was transformed to a utility score using the Dutch EQ-5D valuation tariff [27] . Utilities represent generic HRQoL in a single number, ranging from 0.0 (death) to 1.0 (full health). The EQ-VAS consists of a vertical 20 cm visual analogue scale to measure an individual's direct valuation of their current generic HRQoL on a scale of 0 (worst imaginable health status) to 100 (best imaginable health status) [26] .
To assess weight-related HRQoL, the Impact of Weight on Quality of Life-Kids (IWQOL-Kids) was used. The IWQOL-Kids [15, 28] contains 27 items on four domains: 1) physical comfort; 2) body esteem; 3) social life; and 4) family relations. Each item begins with the phrase 'Because of my weight' (e.g., 'Because of my weight, I avoid looking at myself in mirrors or on pictures') and contains five response options, ranging from 'always' (1) to 'never' (5) . The recall period is 1 week. IWQOL-Kids total and subscale scores range from 0 to 100, with higher scores indicating a better HRQoL.
Demographic and Participant Characteristics Demographic characteristics were assessed at baseline. Ethnicity of participants was categorized as: Western, including native Dutch as well as Western immigrants; and Non-Western, including all Non-Western immigrants. If both parents were born abroad but in different countries, the country in which the mother was born was used to categorize the participant [31] .
Highest educational level attained by one of the parents/caregivers was categorized into low, medium/ intermediate, or high [32, 33] .
To determine socioeconomic status (SES), data from The Netherlands Institute for Social Research was used to obtain status scores of the parents [34] . A status score is a measure for the social status of a postal code area and consists of three components: income, level of education, and level of unemployment. A status score below 0 represents a SES above average and a status score above 0 represents a SES below average (0 represents average) [34] . SES was dichotomized into 'above average' and 'below average'.
Household situation was dichotomized into 'parents living together' ('married / living together') and 'parents not living together' ('divorced', 'one-parent family', and 'other situation').
BMI was calculated as weight divided by square height (kg/m 2 ). SDS-BMIs were calculated with the Growth Analyser [35] using the fourth Dutch nationwide growth study of 1997 as reference.
Statistical Analyses
Statistical analyses were performed using IBM SPSS Statistics for Windows, Version 20 (IBM, Armonk, NY, USA).
Mean and frequency tables were used to describe baseline characteristics. Differences between completers of treatment and dropouts of treatment were tested using independent Student's t-tests for continuous variables and chi-square tests for categorical variables.
Generalized Linear Mixed Models (GLMM) were used to analyze changes in HRQoL scores over time using the HRQoL scores as dependent variables and time (baseline, directly after treatment, and at follow-up 1 year later) as independent categorical variable. All models were adjusted for the following covariates: age, Partial correlations were used to examine associations between changes in SDS-BMI and changes in HRQoL. First, for SDS-BMI and for all overall HRQoL and domain scores, deltas were calculated from T0 to T1, from T0 to T2, and from T1 to T2. For each combination of deltas, a Pearson product-moment correlation coefficient was calculated. Pearson product-moment correlation coefficients were adjusted for the covariates mentioned above.
Sensitivity Analyses
Participants with complete data on the overall scores of the four HRQoL questionnaires (at T0, T1, and T2) were considered to have complete follow-up. If participants missed one or more overall scores of the four HRQoL questionnaires, participants were considered to have incomplete follow-up. In the sensitivity analysis, only participants with complete follow-up were included.
Results
Between August 2009 and July 2013, informed consent was obtained for 120 children and adolescents with severe obesity. Table 1 shows the baseline characteristics of the study population. Of the 120 participants, 99 (82.5%) completed the intensive 1-year lifestyle treatment. Completers of treatment did not differ from dropouts of treatment (N = 21) in any of the variables shown in table 1 .
A significant reduction in mean SDS-BMI as compared to T0 was seen at T1, followed by partial regain of the lost weight at T2 ( fig. 1 ).
Changes in Generic and Weight-Related HRQoL
Most generic and weight-related HRQoL scores increased statistically significantly from T0 to T1and from T0 to T2, whereas these scores did not change significantly from T1 to T2 ( table 2 ) .
The PedsQL 4.0 showed statistically significant improvements in all domains, with the largest improvements in the social functioning domain (beta = 11.9 (95% CI 7.83; 15.9) from T0 to T2). KIDSCREEN-52 scores particularly improved in the domains 'physical wellbeing' (beta = 4.16 (95% CI 1.92; 6.39)) and 'social acceptance and bullying' (beta = 6.17 (95% CI HRQoL = Health-related quality of life; SDS-BMI = standard deviation score of body mass index; R = Pearson product-moment correlation coefficient; T0 = baseline; T1 = directly after 1-year treatment; T2 = follow-up 1 year after treatment. 1 Partial correlation between HRQoL score and SDS-BMI, adjusted for age, gender, ethnicity (Western, Non-Western), educational level of the parents/caregivers (low, medium/intermediate, high), SES (below average, above average), household situation (parents living together/ parents not living together), and duration of inpatient treatment (2 months or 6 months).
# p values <0.05 are printed italics. *Two-sided p value < 0.05. ** Two-sided p value < 0.01. ***Two-sided p value < 0.001. Table 3 shows that larger weight loss from T0 to T2 was correlated with larger improvements in physical HRQoL domains of the KIDSCREEN-52 (p < 0.05), the PedsQL 4.0 (p < 0.05), and the IWQOL-Kids (p < 0.01). From T1 to T2, a larger increase in SDS-BMI was correlated with a larger decrease in the physical HRQoL domains of the PedsQL 4.0 (p < 0.05) and the IWQOL-Kids (p < 0.05). Changes in generic and weight-related HRQoL from T0 to T1 were not correlated with changes in SDS-BMI.
Correlation between Changes in SDS-BMI and HRQoL

Sensitivity Analysis
Analyses restricted to those who had complete follow-up (N = 53) showed slightly lower HRQoL scores at T0 and somewhat larger improvements, but conclusions remained essentially the same.
Similar results in the magnitude and directions of the correlations were found, although the level of significance sometimes changed because of the smaller statistical power.
Discussion
This study showed that children and adolescents with severe obesity experienced significant long-term improvements in generic and weight-related HRQoL after participating in an intensive 1-year lifestyle treatment, even when participants partially regained weight. Larger weight loss at 1-year follow-up after treatment was weakly to moderately correlated with larger improvements in physical HRQoL domains of all questionnaires.
To our knowledge, there are no other studies examining changes in HRQoL among children and adolescents with severe obesity participating in an intensive lifestyle treatment similar in the intensity of treatment and the length of follow-up. In addition, no other study assessed changes in all domains of generic and weight-related HRQoL. Furthermore, most other studies assessing the effects of lifestyle treatment in children and adolescents included either children and adolescents with obesity only or included both children and adolescents with obesity and with severe obesity, whereas only children and adolescents with severe obesity were included in our study [13, 14, [36] [37] [38] [39] [40] .
The results of our study were generally in line with those found in other studies involving children and adolescents with less severe obesity, less intensive lifestyle treatment, and a shorter follow-up period [13, 14, [36] [37] [38] [39] [40] . In accordance with these other studies, we found that HRQoL scores generally increased during intensive lifestyle treatment and that these improvements were generally maintained at 1-year follow-up after treatment. Moreover, improvements at 1-year follow up after treatment in our study were clinically relevant for total weight-related HRQoL, weight-related 'body esteem' and 'social life' [41, 42] , and for generic HRQoL overall, summary, and domain scores of the PedsQL 4.0, except for 'school functioning' [41, 43] .
In accordance with our findings, several other studies showed statistically significant improvements in weight-related HRQoL directly after intensive lifestyle treatment [15, 37, 38] . In line with our study, no improvements were observed on the 'family relations' domain [37, 38] , suggesting that intensive lifestyle treatment does not influence weight-related HRQoL in the 'family relations' domain. However, our study did show a decrease in generic HRQoL on the 'parent relation and home life' domain during intensive lifestyle treatment as measured with the KIDSCREEN-52, suggesting that intensive lifestyle treatment does affect generic HRQoL in the 'parent relation and home life' domain.
Several other studies found similar improvements in generic HRQoL as assessed by the PedsQL 4.0 [37] [38] [39] . However, in contrast to our findings, they did not find improvements in the 'school functioning' domain. This discrepancy may be due to the use of shorter, less intensive lifestyle treatments compared with our study.
In our study, improvements in many psychosocial domains of the different HRQoL questionnaires were not related to the degree of weight loss, suggesting that weight loss is not necessary for improvements in these areas. This confirms findings from other studies [13, 14, 37] . Our finding that a reduction in SDS-BMI was correlated with an improvement in the physical HRQoL domain confirms findings from other studies examining the correlation between the degree of weight loss and improvement in generic HRQoL [14, 37, 40] . On the other hand, Rank et al. [13] did not find an association between changes in BMI and changes in the physical HRQoL domain. This lack of agreement between findings might be explained by the use of a different instrument to measure generic HRQoL (i.e. the German KINDL questionnaire).
This study has several strengths. It is unique with regard to the large number of participants, the intensity of the lifestyle treatment, and the long follow-up period after treatment. The 1-year intensive lifestyle treatment did not result in high dropout; 82.5% (99 of the 120) of the participants completed treatment. The follow-up at 2 years after baseline provided the opportunity to observe that improvements in HRQoL were generally maintained, even after partial regain of the lost weight in the year after treatment. In addition, since multiple questionnaires were used to assess generic HRQoL, recommendations on the suitability of those questionnaires to measure changes in generic HRQoL in this particular population could be made.
This study also had some limitations. It was not possible to attribute the improvements in HRQoL to specific aspects of the intensive 1-year lifestyle treatment. To be able to determine whether intensive lifestyle treatment leads to improvements in HRQoL, as observed in this study, a randomized controlled trial should be conducted that includes a control group of children and adolescents with severe obesity receiving ambulatory obesity treatment. An additional limitation is the use of SDS-BMI as an outcome measure. SDS-BMI is a less reliable outcome measure to assess changes in body fatness in children and adolescents since it is influenced by pubertal stage [44] . SDS-BMI was chosen as an outcome measure because it is the most practically applicable. Finally, the EQ-5D-3L has not been validated for use in children and adolescents, and the IWQOL-kids has not been validated for use in children below the age of 11. However, only a small proportion of our study sample was younger than 11 years (9%). Furthermore, no difficulties in completing both questionnaires were encountered.
Our findings have some important implications for the practice. For healthcare professionals, healthcare insurance companies and policymakers, it is important to know that intensive lifestyle treatment for children and adolescents with severe obesity does not only lead to weight loss, but also to long-term improvements in generic and weight-related HRQoL, despite partial weight regain (e.g., with regard to decision making on reimbursement of the costs of intensive lifestyle treatment). For healthcare professionals involved in the treatment for children and adolescents with severe obesity, it is important to communicate these expected treatment effects to their patients. Our study confirms that generic and weightrelated HRQoL should both be included as outcome measures when evaluating lifestyle treatment in children and adolescents with severe obesity. The results of our study suggest that the IWQOL-kids is a suitable instrument to gain insight in changes in weight-related HRQoL in children and adolescents with severe obesity participating in a weight management program. In addition, our findings suggest that the PedsQL 4.0 is a sensitive instrument to measure changes in generic HRQoL in children and adolescents with severe obesity.
Further research is needed to assess potential differences in changes in generic and weight-related HRQoL between children and adolescents who do and those who do not regain weight after the end of intensive lifestyle treatment. This would provide valuable information for the treatment of children and adolescents with severe obesity.
